Properties of Defective Lymphocytic Choriomeningitis Virus
The symptoms and histopathology of many virus diseases depend not so much on damage to the cells by virus but on the immunological reaction to the infection. The earliest (Traub, 1935) and still extensively studied (Oldstone & Dixon, 197o ) infection of this type is murine lymphocytic choriomeningitis. From the in vivo work it has been commonly accepted that lymphocytic choriomengitis virus (LCMV) is intrinsically temperate, but there are numerous examples of LCMV-induced cytopathic effects (c.p.e.) in tissue culture (Pfau & Camyre, 1968) . We have recently shown that c.p.e, in LCMV-infected L cells is largely regulated by an interference phenomenon (Welsh & Pfau, I972 ) . Cell culture-grown stocks of LCMV contain a transmissible component that specifically interferes with LCMV infective centre formation, synthesis and cytolytic activity; this interfering component sediments with the infectious virus particle, fails to pass through a Millipore filter of 25 nm pore size, and is inactivated by heat (60 °C), neutral red and LCMV-immune serum (Welsh & Pfau, I97o, 1972) . The interfering component, which closely resembles defective-interfering (DI) virus (Huang & Baltimore, 197o) has not been separated from the standard plaque-forming virus (with no DI component) by physical processes, but it can be obtained relatively free from the standard virus particle in the culture fluid from cellswhich have undergone 50 to 60 divisions sinceinitial infection with LCMV (Lehmann-Grube, Slenczka & Tees, I969; Staneck et al. I972 ) . These persistently infected cultures are characterized by: (I) low or undetectable levels of infective centres and plaque forming virus; (2) LCMV antigen in virtually all cells as shown byimmunofluorescence; and (3) generation time and cloning efficiency identical to that of normal cells.
LCMV DI virus particles were separated from the culture fluids of BHK2I/t3S cells persistently infected with LCMV strain CA 1371 or of L cells persistently infected with strain TRAUB or UBC. Cellular debris was removed from the culture fluid by centrifugation in the Spinco no. 30 rotor at IOOOO rev/min for I7 min, and the DI virus was collected in pellets after centrifuging at 30000 rev/min for 55 min. The differential sedimentation conditions were identical to those used for the standard virus particle (Pfau, I965b ) . The pellets were resuspended in Eagle's minimal essential medium (MEM) (Eagle, 1959) with I o % calf serum to a volume 15-to 65-fold less than that of the original culture fluid. To achieve optimal effects with the DI virus, the resuspended pellets were subjected to sonic oscillation for I min (Pfau & Camyre, I967) .
L cell monotayers (3 to 4 × lO6 cells/Falcon No. 3002 Petri plate) were infected for I h with I ml of DI virus as prepared above, washed 3 times with I ml of MEM, and challenged with I ml of standard LCMV (usually strain CA 137I or tmc) at an input multiplicity of o.oi to o-2 p.f.u./cell. The infected monolayers, after incubation under 5 ml of MEM for up to 36 h after infection, were assayed for medium-associated p.f.u. (Pulkkinen & Pfau, I97O) . Alternatively, the monolayers, after the I h challenge with standard virus, were assayed for infective centres (Welsh et al. 197I; Welsh & Pfau, 1972) . The yield of medium-associated p.f.u, was decreased by as much as 99"9 % (o.oi p.f.u./cell v. m.o p.f.u./cell) of control values when cells were infected with DI virus before challenge. The degree of inhibition depended on the concentration of DI virus. The infective centre number of freshly infected cells was reduced by as much as 98 ~; this infective centre number was an under-estimate of the true degree of inhibition since residual challenge virus usually established a lower limit for the L cells were treated with dilutions of concentrated preparations of CA 137I-DI virus or u.v.-inactivated LCM-uBc (a too ml sample was placed in two cold 15o mm glass Petri dishes 8 in from a Westinghouse Sterilamp 782 L-2o light source for t min prior to concentration), washed, and challenged with LCM-uBc. Controls were treated with MEM before standard virus challenge. The equations used were:
plaque count when infective centre inhibitions were greater than 80 ~ (Table I ). The precision of measuring the inhibition of infective centre formation by DI virus was determined by infecting five monolayers with identical DI virus samples and challenging with equal amounts of standard virus. The mean infective centre inhibition was 38 ~ with a standard error of _+ 1.6 ~. The presence of DI virus also prevented LCMV-induced cytolysis when L cells were overlaid with agarose and maintenance medium (Welsh & Pfau, I972 ) , and P~ is the probability of having r DI virus particles associated with a cell (the experimentally determined proportion of cells resistant to infective centre formation). If one DI virus could render a cell resistant to superinfection there would be a linear relationship between relative DI virus concentration and s when r equalled at least I ; if two DI virus particles were necessary for the interference, the linear relationship would occur when r equalled at least 2, and so forth. A linear relation between s and relative DI virus concentration was indeed found when r was set equal to at least I (Table I ). The same relationship was shown with standard virus inactivated by u.v. irradiation (Table I) .
The temporal effects of DI virus treatment were examined. DI virus preparations were 
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The activities of four different D1 virus preparations were examined by exposing cells to DI virus for I h and to standard virus for I h and determining the degree of inhibition in infective centre formation. most active when exposed to cells before challenge virus; thereafter, the activity rapidly diminished ( Table 2 ), indicating that the interference effect occurred early after infection. However, very active DI virus preparations retained some activity when added to cells ~ h after standard virus challenge (Table 2, Expts. I and 2), suggesting that the interference occurred beyond the levels of adsorption, penetration, and uncoating. This is inferred because in L cells, even at 4 °C, the eclipse of LCM, as determined by the drop in cell-associated sonic-resistant p.f.u., occurs within less than t 5 rain of adsorption. Furthermore, pretreatmerit of cells with DI virus did not inhibit the adsorption of the challenge standard virus, as determined by residual p.f.u, in the washings of these cells; nor did it interfere with the eclipse phase. Most ceils infected with DI virus remained refractory to challenge for up to 24 h, but the DI virus activity was most pronounced when cells were challenged with standard LCMV within 4 h of DI virus treatment.
LCMV CA I37I DI virus treatment of L cells inhibited infective centre formation by all tested LCMV strains (ca t37I, FORTNER-Z-KL, and uBc) and, to a lesser extent, by the LCMVrelated Parana virus, but not by mengo, Newcastle disease, vaccinia, or vesicular stomatitis viruses. The DI virus particles also inhibited LCMV infective centre formation in BHK21/ 13 S cells.
In the well-studied systems, DI particles have been found to contain standard virus structural protein and a shortened portion of the standard virus genome (Huang & Baltimore, I97o) . Our results, as obtained by indirect analyses, are consistent with those findings. The activity of a DI virus preparation was reduced from 86 ~ infective centre inhibition to o ~o inhibition by treatment for I h with 2o ~ LCMV-immune human serum. Treatment with pooled normal human serum only reduced the activity to 83 ~o infective centre inhibition (an insignificant reduction). Neutral red, under conditions (5 x Io -G g/ml; I h; 4 °C; in the light) that reduced the titre of LCM-uBc virus from I-8 x lO 7 to 6.o x lO 3 p.f.u./ml, only partially reduced the DI virus activity (88 ~ infective centre inhibition to 72 ~; 94 ~ to 68 ~o). Under conditions of u.v. irradiation resulting in a seven log10 reduction in standard LCMV titre after I min, considerable DI virus activity was retained (Fig. I) , but there was a gradual loss of activity during prolonged exposure. The biphasic nature of the CA I37I DI virus u.v.-inactivation curves may represent the presence of two DI virus species or a shielding effect against the irradiation produced by impurities in the preparation. The decreased sensitivities of the LCMV DI virus to neutral red and u.v. irradiation may indicate the presence of a shortened portion of nucleic acid. It could be argued that the resistance (relative to the standard virus) of the DI virus to these treatments indicates a non-nucleic acid-induced interference. One should consider, however, that the standard LCM virus particle is extremely sensitive to physical and chemical treatments (Pfau, I965a; Pfau & Camyre, I967; Pulkkinen & Pfau, I97O), and that the stability of the DI virus particle is remarkable only when compared to the very unstable standard virus particle. Definitive answers must await purification of the DI virus (thus far all attempts to purify the standard virus particle have led to large losses in plaque-forming ability). Cells infected with LCM DI virus alone did not produce detectable quantities of standard virus. These cells did not fluoresce when stained with LCMV-specific immunofluorescent antiserum, and the culture fluids from these cells did not interfere with infective centre or plaque (cytolysis) formation by standard LCMV.
Short communications
Lehmann-Grube et al. (t969) observed that LCM DI virus preparations were immunogenic against LCMV in adult mice. We repeated these findings but are not sure whether the immunization was due to the DI virus alone or to a silent immunizing infection initiated by standard virus not easily detected in the DI virus preparations. We found that neonatal mice inoculated with the sedimented and concentrated DI virus preparations became LCMV carriers, indicating that some residual standard virus was present in the preparations. The high dose immune paralysis (HDIP) state in mice (Hotchin & Benson, I963) was not simulated when mice were coinfected with lethal doses of standard LCMV and high concentrations of DI virus, suggesting that the HDIP phenomenon cannot be entirely explained
